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(54) Filter device 

(57) The present invention relates to a protection 
device for use in a lumen of a patients body. The pro- 
tection device has a fiber matrix electrospun about an 
expandable and collapsible wire frame. In the collapsed 
configuration the protection device may be advanced 
within a lumen. In the expanded configuration, the pro- 



tection device is able to engage the walls of the lumen 
wherein, the fiber matrix forms a plurality of pores for 
preventing the passage of particulate material and allow 
fluid to flow through. 
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Description 

[0001 ] The present invention relates to devices used 
in the treatment of stenotic or obstructed vessels or lu- 
mens carrying fluid. More specifically, the present inven- 
tion relates to an improved protection device for the cap- 
turing of particulate matter entrained in a vessel while 
allowing the passage of fluid through the vessel. 
[0002] In the f ield of medicine, for example, a substan- 
tial health risk exists when deposits of fatty-like sub- 
stances, referred to as atheroma or plaque, accumulate 
on the wall of a blood vessel. A stenosis is formed where 
such deposits form an obstruction restricting or occlud- 
ing the flow of blood through the blood vessel. 
[0003] Two different types of procedures during which 
emboli can become dislodged are commonly used to 
treat an obstructed region. The first is commonly known 
in the medical field as balloon angioplasty, wherein the 
obstruction is deformed by inflating a high pressure bal- 
loon to dilate the obstructed region in the vessel prior to 
inserting a stent. A stent may be deployed in conjunction 
with the balloon angioplasty. Stent deployment may also 
result in emboli dislodgement. The second type of treat- 
ment is known as an ablation procedure, where all or 
part of the obstruction is removed from a vessel wall. 
Ablation procedures, such as thrombectomy and 
atherectomy procedures, involve mechanically cutting 
or abrading the stenosis away from the vessel. Other 
examples of ablation procedures may include the use 
of lasers, radio frequency (RF) or other common meth- 
ods which remove an obstruction through the applica- 
tion of heat, pressure, wave frequency, chemical solu- 
tions, or commonly known means which do not involve 
physical contact with the obstruction in order to effect 
its removal. 

[0004] During a medical ablation procedure the sten- 
osis is dislodged from the vessel in the form of stenotic 
debris called emboli. These emboli then become en- 
trained in the blood of the blood vessel and can pose a 
health risk if the emboli flow to other parts of the vascu- 
lature and become lodged therein, creating an occlu- 
sion. Blood clots can also form in stasis regions associ- 
ated with occluded vasculature. 
[0005] In some of these procedures, there is a risk that 
a deposit may dislodge causing particulate matter to be- 
come entrained in the fluid. Once entrained, the partic- 
ulate matter may travel downstream and cause a block- 
age or restrict flow to a smaller vessel elsewhere in the 
vasculature. This action can cause a stroke or heart at- 
tack in the patient. Such risk can be reduced or even 
eliminated by placing an embolic protection device 
downstream of the obstruction prior to the deployment 
of a device for treating the obstruction. 
[0006] An embolic protection device generally has an 
elongate shaft or host guidewire, wherein a distal region 
of the host guidewire has the filter portion of the protec- 
tion device. Hereinafter, reference to the protection de- 
vice refers to the filter portion of the protection device. 



Typically, the filter has an expanded configuration and 
a collapsed configuration. In the expanded configura- 
tion, the protection device expands outwardly from the 
host guidewire to form a screen or filter having a plurality 

5 of pores. The pores act to allow the passage of a fluid, 
such as blood, through the fluid lumen, while preventing 
the passage of particulate matter entrained in the fluid. 
The expanded filter has a diameter at least as large as 
that of the vessel such that the expanded filter engages 

10 the wall of the vessel and traps the entrained material 
by generally preventing the passage of particulate mat- 
ter through the pores while still allowing passage of fluid 
through the pores. 

[0007] These apparatus typically have a proximal end 
'5 and a distal end including the protection device. The de- 
vice acts to prevent the passage of particulate. In one 
such device, the protection device is advanced across 
the stenosed region such that the protection device is 
on the distal side of the stenosis with the guidewire ex- 
20 tending from across the other side of the stenosed re- 
gion. Thus, the protection device is positioned Adistal® 
to the stenosis with the guidewire extending in a Aprox- 
irnal® direction. 

[0008] The protection device may take a variety of 
25 shapes. The protection device has a collapsed configu- 
ration, wherein the diameter of the protection device is 
reduced toward the host guidewire. The collapsed con- 
figuration has a smaller diameter than the expanded 
configuration, thus allowing the protection device to be 
30 advanced within a vessel of a patient's body. 

[0009] In general, the protection device must accom- 
plish two things. First, it must prevent the passage of 
particulate material. Second, it must allow the passage 
of fluid. The size of particles that are prevented from 
35 passage are determined by the pore size of the protec- 
tion device. The achievable pore sizes and patency of 
a protection device depend upon the construction of the 
protection device. 

[0010] One type of protection device is a protection 

to device comprising a filter having a plurality of woven or 
braided metal or fabric filaments. The filaments of such 
devices are relatively large In relation to the size of par- 
ticulate sought to be captured, thus making small pore 
sizes difficult to achieve. The construction of such de- 

45 vices having small pores requires a greater number of 
filaments intersecting and crossing one another. There- 
fore, these devices constructed in. this way are mainly 
constructed having larger pores so as to filter larger par- 
ticulate matter and are, therefore, less successful at fil- 

so tering smaller matter. 

[0011] Another type of distal protection device em- 
ploys a film-like material used for construction of the fil- 
ter, wherein small pores can be cut into the material. The 
material can then be fitted over a collapsible and ex- 

55 pandable frame. Such devices may capture smaller par- 
ticulate than the intersecting filament device described 
above, but there is a limit to the smallest pore size that 
can produced in films using machining or laser drilling 



2 



* 



EP 1 226 795 A2 



techniques. If the film is made thin to more readily permit 
small pore sizes the film becomes weak. In a further lim- 
itation of film devices, the filter material must be folded 
in the collapsed configuration, leading to difficulty main- 
taining a smaller diameter, as preferred, in the collapsed £ 
configuration. 

[0012] Both intersecting filament and perforated film 
devices can have a disadvantage of less open area for 
the passage of fluid. This results in decreased patency 
of the filter due to the combination of large non-perfo- 
rated regions with blood stasis zones distal to these re- 
gions, and the comparatively high blood flow rates 
through the limited number of holes leading to shear ac- 
tivation of thrombus forming blood components. Further, 
the limited percent open area of these devices renders 
them susceptible to clogging of the pores with debris, 
diminishing patency due to mechanical reasons. 
[0013] Similar problems exist in many other fields, 
wherein fluid is transferred through a lumen/vessel. 
[0014] Thus, there remains a need for a protection de- 
vice that utilizes a small pore size for capturing small 
particulate yet has a large open area for greater patency 
in allowing the passage of fluid through the filtering de- 
vice. 

[001 5} It is an object of the invention to provide a med- 
ical device for preventing passage of particulate mate- 
rial entrained in a fluid flowing through a lumen which 
device is improved with respect to the deficiencies of the 
prior art discussed above. 

[0016] For achieving this object, the medical device 
of the invention comprises the features of claim 1 , the 
sub-claims characterizing advantageous embodiments 
of the invetntion. 

[0017] Preferred embodiments of the device include 
a collapsible and expandable filter, wherein the filter has 
a wire frame and a fiber matrix secured to the wire frame. 
The filter has a shape as determined by the configura- 
tion of the wire frame and a pore size, patency, and 
crossing profile as determined by the fiber matrix se- 
cured to the wire frame. 

[001 8] The device may be applied to protection devic- 
es for use during a medical procedure in which particu- 
late matter may become entrained in a patient's blood 
flowing through a blood vessel. 
[0019] The wire frame includes a plurality of wires 
crossing one another so as to form a wire frame. The 
fiber matrix includes a fiber or a plurality of fibers se- 
cured to the wire frame. The fiber is applied over the 
wire frame. The fibers have some elasticity so they 
move with the frame. 

[0020] The filter formed from the fiber matrix and at- 
tached to the wire frame has a plurality of pores. The 
pores have a boundary formed from intersecting lengths 
of fiber or wire or a combination thereof. The wires of 
the wire frame have a first diameter and the fibers from 
the fiber matrix have a lesser diameter. 
[0021] The frame will reinforce the filter such that a 
filter can be made with fine pore size and the combina- 



tion will have better strength and finer pore size than by 
use of either a frame or a fiber matrix alone. 
[0022] A distal protection device includes a host wire 
and an expandable, collapsible filter. The filter is prefer- 
ably secured to the host guidewire at a distal region of 
the host guidewire. In the expanded configuration, the 
filter has a periphery expanding outwardly from the host 
guidewire. In the collapsed configuration the periphery 
is collapsed toward the host guidewire. The filter in the 
collapsed configuration has a low-profile diameter, also 
called a crossing profile, for positioning the distal pro- 
tection device in a lumen. In the expanded configuration, 
the filter has a diameter at least as large as that of the 
lumen diameter. The filter in the expanded configuration 
prevents the passage of particulate material entrained 
in a fluid in the lumen while allowing the passage of the 
fluid. 

[0023] According to an aspect of the invention, there 
is provided a medical device for filtering a fluid in a lumen 
of a patient's body, comprising a wire frame comprising 
a plurality of wires oriented to define a perimeter; and a 
fiber matrix secured to the wire frame, the fiber matrix 
having fibers forming a boundary about each of a mul- 
tiplicity of pores, the fiber matrix and the wire frame to- 
gether forming a filter carried by a guidewire with the 
filter being collapsible prior to deployment, the filter be- 
ing expandable to extend outward from the guidewire 
such that the filter engages a wall defining the lumen, 
the wire frame and the fiber matrix being constructed 
and arranged to prevent passage of particulate matter 
while allowing passage of fluid through the pores. 
[0024] According to a preferred aspect of the inven- 
tion, the filter is collapsible prior to deployment from a 
constraining wall. 

[0025] According to a preferred aspect of the inven- 
tion, the constraining wall is a catheter. 
[0026] According to a preferred aspect of the inven- 
tion, the wire frame is metallic or non-metallic. 
[0027] According to a preferred aspect of the inven- 
tion, the fiber matrix and the wire frame together form 
boundaries defining a multiplicity of pores. 
[0028] According to a preferred aspect of the inven- 
tion, the filter is self expanding or includes means for 
expansion. 

[0029] According to a preferred aspect of the inven- 
tion, the fibers are formed by an electrosp inning process 
or are individually applied to a metal frame or are applied 
in substantially a single strand. 
[0030] According to a preferred aspect of the inven- 
tion, the fibers are applied in a flowable state. 
According to a preferred aspect of the invention, the fib- 
er matrix is woven in a regular or in a random pattern. 
[0031] According to a preferred aspect of the inven- 
tion, the wire frame is braided. 
[0032] According to a preferred aspect of the inven- 
tion, the size of each pore is less than 100 microns. 
[0033] According to a preferred aspect of the inven- 
tion , a percent open area of the filter is greater than 40%. 
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[0034] According to an aspect of the invention, there 
is provided a medical device, for use in a lumen of a 
human body for preventing passage of particulate mat- 
ter and allowing passage of a fluid, such as blood, com- 
prising a guidewire having an expandable and collaps- 
ible filter attached at a distal end, wherein the filter has 
a collapsed configuration wherein the filter is able to be 
advanced within the lumen; and an expanded configu- 
ration wherein the filter is expanded outward from the 
guidewire to engage a wall of the lumen, the filter having 
fibers defining a plurality of pores, the pores allowing 
passage of blood and preventing passage of particulate 
matter therethrough, the filter comprising a metal frame 
having a plurality of metal wires on which the fibers are 
spun to form a fiber matrix. 

[0035] According to an aspect of the invention, there 
is provided a medical device for filtering fluid passing 
through a lumen in a patients body, comprising a flexible 
frame including a plurality of wires intersecting to define 
a perimeter of an open space; and a matrix including a 
multiciplity of fibers extending across the open space to 
define a multiciplity of pores. 

[0036] According to a preferred aspect of the inven- 
tion, the device further comprises a retainer to hold the 
flexible frame in a collapsed configuration for insertion 
into the lumen to be deployed therein. 
[0037] According to a preferred aspect of the inven- 
tion, the flexible frame is carried by a guidewire, and 
wherein the retainer comprises a catheter having a lu- 
men within which the flexible frame, in its collapsed con- 
figuration, is received prior to deployment. 
[0038] According to a preferred aspect of the inven- 
tion, the plurality of wires intersect to define perimeters 
of a multiplicity of open spaces, each open space having 
a matrix including a multiplicity of fibers extending the- 
reacross to define a multiplicity of pores. 
According to a preferred aspect of the invention, each 
of the pores is generally parallelogram shaped or square 
shaped or diamond shaped or irregularly shaped. 
[0039] According to a preferred aspect of the inven- 
tion, the flexible frame, when deployed, is generally 
windsock shaped. 

[0040] According to a preferred aspect of the inven- 
tion, the flexible frame is made of Nitinol. 
[0041] According to a preferred aspect of the inven- 
tion, each of the wires has a diameter of between 0,0038 
cm (0.0015 inches) and 0,012 cm (0.005 inches). 
[0042] According to a preferred aspect of the inven- 
tion, the fibers are electrospun directly onto the flexible 
frame. 

[0043] Embodiments of the invention are now de- 
scribed with reference to the attached drawings in 
which: 

FIG. 1 is a medical device embodiment of the 
present invention, wherein a distal protection de- 
vice with a host wire is deployed distal to a stenosed 
region for thecapture of particulate, wherein a work- 



ing device is positioned over the host wire for treat- 
ment of the stenosed region; 
FIG. 2a illustrates a configuration of a wire frame 
constructed for use in an embodiment of the present 
5 invention; 

FIG. 2b illustrates a section of a wire frame having 
a fiber matrix secured to the frame constructed for 
use in an embodiment of the present invention; 
FIG. 3 illustrates an embodiment of the present in- 
fo vention in a collapsed configuration; 

FIG. 4 illustrates an embodiment of the present in- 
vention in an expanded configuration for capture of 
particulate matter; 

FIG. 5a illustrates a fiber matrix having a random 
15 weave fiber matrix constructed for use in an embod- 
iment of the present invention; 
FIG. 5b illustrates a fiber matrix having an angled 
weave constructed for use in an embodiment of the 
present invention; 
20 FIG. 5c illustrates a fiber matrix having an aligned 
weave constructed for use in an embodiment of the 
present invention; 

FIG. 5d illustrates a non-woven fiber matrix; 
FIG. 6 illustrates a filter of a distal protection device 
25 having alternative shapes for use with an embodi- 
ment of the present invention; and 
FIG. 7a-7c, 8 and 9 each illustrate an alternate em- 
bodiment. 

30 [0044] The present invention embodies an expanda- 
ble fitter 1 0 for use in a distal protection device 36. The 
distal protection device 36 comprises the filter 10 at- 
tached to a guidewire 16. The protection device 36 has 
an expanded configuration (as seen in FIG. 4) and acol- 

35 lapsed configuration (as seen in FIG. 3). In the expand- 
ed configuration the filter 10 has a periphery 11 extend- 
ing outwardly from guidewire 16. In the collapsed con- 
figuration of FIG. 3, the periphery 11 of the filter 10 col- 
lapses towards the guidewire 1 6. The filter 1 0 has a wire 

40 frame 12 over which is overlain a fiber matrix 14. The 
filter 10 thereby defines a plurality of pores 15. The 
pores 1 5 have a boundary formed by one or more fibers, 
wires, or a combination thereof. 
[0045] In use, the filter 1 0 is positioned in a lumen 22 

45 by advancing the distal protection device 36 through the 
lumen 22 in the collapsed configuration shown in FIG. 
3. Once positioned, the distal protection device is de- 
ployed into the expanded configuration as shown in FIG. 
4. 

50 [0046] FIG. 1 illustrates an embodiment of the current 
invention in the lumen 22 of a patient's body, such as a 
blood vessel 22. The filter 10 is deployed to attain the 
expanded configuration in a position distal to a stenosis 
1 8. The blood vessel 22 has a diameter, wherein the 

55 periphery 11 of the filter 10 in the expanded configura- 
tion is at least as large as the diameter of the blood ves- 
sel, so as to prevent emboli 28 from bypassing the filter 
1 0. A working device 24 having a central lumen is posi- 
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tioned over the guidewire 1 6 for treatment of the steno- 
sis 18. During treatment of the stenosis 18 the working 
device 24 may cause particulate matter 28 such as em- 
boli to become entrained in a fluid, such as blood, flow- 
ing in the blood vessel 22. The filter 10 prevents pas- 
sage of a proportion of particulate matter 28, while al- 
lowing the flow of the fluid through the lumen 22. Partic- 
ulate matter 28 having a given size is prevented from 
passing through the pores 15 of the filter 10 where the 
pores 15 have a size less than that of the particulate 
matter 28. 

[0047] Once the stenosis 18 has been treated, the dis- 
tal protection device 36 returns to the collapsed config- 
uration, wherein the particulate matter 28 is captured 
within the filter 1 0. The working device 24 and distal pro- 
tection device 36 are then removed from the lumen 22 
with the particulate matter 28 captured by the filter 10 
also removed from the lumen 22 therewith. Alternatively, 
the particulate matter can be removed in whole or in part 
from the filter by means of aspiration , or by transference 
of the particulate matter to a recovery catheter, and the 
device can then be collapsed and withdrawn. 
[0048] Alternatively, a working device 24, especially 
adapted for crossing a stenosis, is used to deliver the 
filter downstream of the stenosis. Such working device 
may be a catheter such as is typically used for balloon 
angioplasty, stent delivery, or stent deployment, or a sin- 
gle or multi-lumen catheter compatible with the filter. 
[0049] The filter 1 0 comprises a fiber matrix 1 4 over- 
lying a wire frame 12. The fiber matrix 14 conforms to 
the shape of spaces defined by the wire frame 1 2 allow- 
ing the filter to have numerous shapes and configura- 
tions. The wire frame 1 2 comprises a plurality of individ- 
ual wires 19. Wire frame 12 has a shape determined by 
the relative orientation of the wires 19 of the frame 12. 
Each individual wire 19 can have a helical-type config- 
uration, wherein a first wire 1 9 will have a rotation in one 
direction and a second wire 19 will have an opposite ro- 
tation. 

[0050] The overall shape of the wire frame 12 de- 
pends on how each of the wires 1 9 intersect and cross 
one another and also upon the use of wire frame shape 
setting. This will depend on the pitch and pick of the 
wires 19 where the pitch is the angle defined between 
the turns of the wire and the axis of the braid and the 
pick is the number of turns per unit length. The pitch and 
pick may vary along the length of a given wire 1 9, thus 
allowing the wire frame 12 to have a plurality of shapes 
and configurations. The wire frame 1 2 defines a plurality 
of open spaces between adjacent wires 19. The open 
spaces have a boundary formed from one or more wires. 
Pores 15 may be shaped as a square, a diamond, or a 
paralellogram, or other shapes as determined by the 
pitch and pick of the wires 19, including irregular shapes 
for example in the case of randomly dispersed fibers. 
The size of the pore is also determined by the make-up 
of the wire frame 1 2 such that a pore having a boundary, 
the sides of which may be of a predetermined length, 



may be adjusted with the pitch and/or pick of the wire 
1 9. The same adjustment of the size of a boundary of a 
pore 1 5 may also be made for alternative shapes of the 
wire frame 1 2. 

5 [0051] The wire frame 12 itself is not limited to any 
particular shape. For instance, FIG. 1 illustrates the wire 
frame 12 in a basket shape, but the wire frame 12 may 
take a shape of a windsock, a bell, several shapes in 
series, and so on. The wire frame 12 is thus not limited 

to to the shapes illustrated in the figures herein provided. 
[0052] The wire frame 12 has two configurations, an 
expanded configuration and a collapsed configuration 
regardless of its shape. In the expanded configuration, 
the wires forming the wire frame 12 expand, generally 

15 outward from the guidewire 1 6, forming a periphery hav- 
ing a predetermined shape. In the collapsed configura- 
tion, the periphery of the wire frame 12 collapses to- 
wards the guidewire 16 allowing the wire frame 12 to 
advance through a lumen 22. In the collapsed configu- 

20 ration, the wire frame can be advanced within the lumen 
22 to a predetermined position within the lumen. Once 
positioned within the lumen, the wire frame is expanded, 
either manually or self-expanded, to its expanded con- 
figuration, wherein the periphery of wire frame 12 is at 

25 least as large as the wall defining the lumen 22, such as 
that of the wall of a blood vessel 22. The wire frame 12 
is able to alternate between the expanded configuration 
and collapsed configuration by use of means for expan- 
sion. A plurality of tethers, secured to the periphery of 

30 the wire frame 12, can allow the wire frame 12, in the 
expanded configuration 40, to be drawn into a collapsed 
configuration, and then returned to substantially the 
same expanded configuration. Struts (shown in FIG. 6) 
can serve to expand and contract the wire frame 12. 

35 [0053] Another means for expansion comprises a 
guidewire 16 having an inner core wire secured to a first 
end of the wire frame 12 while an outer wire is secured 
to a second end of the wire frame 12. As the two ends 
are moved away from one and other, the periphery col- 

40 lapses toward the guidewire 16, and as the two ends 
are moved toward one and other the periphery expands 
outward from the guidewire 16. Alternatively the outer 
wire may be a tube that is coaxial around the outside of 
the inner core wire. 

45 [0054] The means for expansion may be any means 
by which a first end of the wire frame 1 2 may be moved 
away from a second end of wire frame 1 2 so as to cause 
the periphery to collapse toward the guidewire 16, and 
as the ends are moved toward one another the periph- 

50 ery of the wire frame 12 expands outward from the 
guidewire 16. 

[0055] The wire frame 12 comprises a plurality of 
wires 19 that may be of any material sufficient to main- 
tain Its shape. For example, metals or polymers are two 
55 such suitable materials. Examples of suitable polymers 
include nylons, polyester, PEEK, polyimide, liquid crys- 
tal polymers, Teflon, Tefzel, polyurethanes, shape mem- 
ory polymers, and the like. Example of suitable metals 
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are elgiloy, MP35N, spring steel, stainless steel, titani- 
um and the like. In a preferred embodiment of the 
present invention, wires 19 are comprised of a shape 
memory metal alloy. One such shape memory alloy is a 
nickel titanium alloy, NiTi, commercially known as Niti- 
nol. A shape memory alloy has a characteristic that once 
it has been formed to a predetermined shape it can be 
deformed by a force and will return substantially to the 
original shape upon removal of the deforming force. Niti- 
nol wires used for a frame 12 preferably have diameters 
on the magnitude of 0.0015® to 0.005®. In a preferred 
embodiment, any number of wires 19 may be used to 
form the frame 12. Considerations on determining the 
number of wires 19 used may depend on the shape of 
the frame 1 2 and/or the necessary dimensions of the 
periphery of the frame 1 2 in the expanded state, and/or 
other considerations, such as pore size, and the like. 
The number of wires 19 used in the frame 12 will also 
depend on the characteristics of the fiber matrix 14 se- 
cured to frame 12, and are discussed below. 
[0056] A fiber matrix 14 is secured to wire frame 12, 
wherein fiber matrix 1 4 assumes substantially the shape 
of wire frame 1 2. Fiber matrix 1 4 has a plurality of pores 
1 5, preventing passage of particulate matter 28 at least 
as large as or larger than fiber matrix pore size. The fiber 
matrix may be on a distal side of the frame, the proximal 
side, interwoven therethrough, or any combination of 
the above. 

[0057] A preferred embodiment of the fiber matrix 14, 
comprises a fiber or plurality of fibers having a diameter 
of about 10 microns and a pore size of about 100 mi- 
crons. The fibers, thus, have a diameter less than that 
of the wires 19 of wire frame 12. The smaller diameter 
of the fibers allows the filter 10 to have a smaller pore 
size. Further, the periphery of such a filter 10 in the col- 
lapsed configuration is substantially less than that of a 
wire frame 1 2 with an equivalent pore size. The smaller 
diameter of the fibers allow for a greater open area for 
the passage of fluid through the filter 10. 
[0058] A standard formula is used to calculate the per- 
cent open area of a given design. The percent open area 
is calculated by dividing the total pore 15 area by the 
total filter 10 area (including the pore area) for a repre- 
sentative average portion of the filter 1 0. A prior art wire 
frame with a 100 micron pore size and without an elec- 
trospun matrix will have a substantially less open area 
than the filter 1 0 having the fiber matrix 1 4 for the same 
pore size. For a 1 00 micron pore size a prior art wire 
frame will have a percent open area of less than 40%, 
whereas the filter 1 0 with fiber matrix 1 4 will have a per- 
cent open area of greater than 80%. 
[0059] A wire frame in the preferred embodiments will 
have a larger open space than the fiber matrix pore size. 
The wire frame percent open area in the preferred em- 
bodiments may be larger or smaller than the fiber matrix 
percent open area depending size and spacing of wires 
utilized. 

[0060] The fiber matrix 14 can be formed from a single 



fiber or a plurality of fibers. Fiber matrix 14 may be se- 
cured to wire frame 12 by an electrospinning process, 
one such process is discussed below. 
[0061] FIGS. 5a, 5b, 5c, and 5d illustrate fiber matrix 

5 14 electrospun onto wire frame 12 in a random weave 
40 (FIG. 5a), aligned weave 60 (FIG. 5c), angled weave 
50 (FIG. 5b), non-woven 70 (FIG. 5d), or other suitable 
patterns. The fiber matrix may be on the distal side of 
frame, the proximal side, interwoven therethrough, or 

10 any combination of the above. Different weaves or non- 
wovens 40, 50, 60, and 70 can form different pore 
shapes and sizes. The fiber matrix 14 maintains attach- 
ment to, and substantially conforms to the shape of, the 
wire frame 12 during use and must have sufficient 

15 strength to prevent passage of particulate 28. 

[0062] Any material that forms a fiber with the desired 
fiber matrix characteristics may be used in the current 
invention. The materials can be polyurethane, nylon, 
PEBAX, silicone, or any other flexible polymer suitable 

20 for electrospinning. One particularly appropriate mate- 
rial is polylactic acid, hereinafter referred to as PLA. PLA 
is a biodegradeable substance, however, the fiber ma- 
trix 14 need not be comprised of biodegradeable fibers, 
nor is PLA a limiting material. The fiber matrix 14 dis- 

25 closed herein is made by an electrospinning process. A 
suitable electrospinning process for fabricating the 
present invention is disclosed in Preliminary Design 
Considerations and Feasibility of a Biomimicking Tis- 
sue-Engineered Vascular Graft, Stitzel and Bowlin, 

30 BED-Vol. 48, 2000 Advances in Bioengineering ASME 
2000, and is herein incorporated by reference. One as- 
pect of the present invention involves electrospinning of 
the fiber directly onto the wire frame 12. The electros- 
pinning process involves a voltage source running to a 

35 ground, wherein the fiber is electrospun onto wire frame 
1 2, attached to means for electrospinning spinning. The 
means for electrospinning causes the wire frame 12 to 
rotate such that fiber is disposed about the surface of 
the wire frame 12. The fiber characteristics are affected 

40 by the electrospinning process, and, consequently, var- 
ious parameters must be optimized for electrospinning 
the fiber. 

[0063] The function of the fiber matrix 14 is to capture 
or prevent passage of particulate matter 28. This func- 

45 tion is accomplished by attaching the fiber matrix 14 to 
the metal frame 12 by electrospinning the fiber 14 onto 
the frame 1 2. The fiber matrix 1 4 comprises either a sin- 
gle fiber electrospun about metal frame 1 2, or a plurality 
of fibers electrospun about metal frame 12. 

so [0064] The fiber matrix 14 must have sufficient 
strength to capture particulate matter 28 without the fib- 
er matrix 14 being damaged, torn, or broken. The fiber 
matrix 14, should be constructed such that once at- 
tached to wire frame 12, the matrix 14 substantially 

55 adopts the shape of the frame 12. The frame 12 may 
take on one of any of a number of predetermined 
shapes, and the fiber matrix 1 4 will assume substantially 
the shape as the frame 12. The wire frame 12 has an 
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expanded configuration and a collapsed configuration, 
wherein the fiber assumes substantially the same con- 
figuration as the wire frame 12 and is able to transition 
between the two configurations. 
[0065] The filter 1 0 comprises the wire frame 1 2 and 
fiber matrix 14, and may assume an expanded configu- 
ration or collapsed configuration. The collapsed state of 
the filter 10 has a low profile (a small diameter) for al- 
lowing the filter 10 to more easily be positioned in the 
lumen 22. Thefilter 1 0 has a plurality of pores. The pores 
have a boundary formed from one or more fibers, wires, 
or acombination thereof. In the expanded configuration, 
the filter 10 prevents particulate material 28 having a 
size larger than the pores 1 5 from passing distal to filter 
1 0. The filter 1 0 maintains fluid patency by allowing fluid, 
such as blood, to pass through filter 10. In one embod- 
iment, the filter 1 0, or components thereof, may have an 
antithrombogenic coating so as to prevent an occlusion 
of the lumen 22. In another embodiment, the filter 1 0, or 
components thereof, may have a thrombogenic coating 
so as to completely occlude the lumen 22 and prevent 
passage of both particulate matter 28 and fluid. 
[0066] FIG. 6 illustrates one embodiment of a filter 1 0 
of the present invention comprising a wire frame 1 2 hav- 
ing a plurality of wires 1 9 with a diameter of about 0,0025 
cm (0.001 inches) to 0,012 cm (0.005 inches). The wire 
frame 12 has a basket shape and a fiber matrix 14 that 
is secured to wire frame 12. The fiber matrix 14 is sub- 
stantially in the shape of the interior of the wire frame 
1 2. The fiber matrix 1 4 comprises a single fiber or a plu- 
rality of fibers preferably having a diameter of about 8 
to 10 microns. The fiber matrix 14 is preferably secured 
to wire frame 1 2 by an electrospinning process. The filter 
10 preferably has a plurality of pores 15 having a size 
of about 100 microns and a percent open area of about 
80%. The filter 10 is secured to a guidewire 16, wherein 
the filter 10 is centered over guidewire 16 such that the 
periphery of the filter 10 expands outward from the 
guidewire 1 6. The filter 1 0 and guidewire 1 6 form a distal 
protection device 36. The distal protection device 36 has 
a collapsed configuration, wherein distal protection de- 
vice 36 is advanced within the lumen 22 to a position 
distal to a stenosis 18. The distal protection device 36 
is then put in an expanded configuration, wherein the 
periphery of the filter 10 extends outward from the 
guidewire 36 such that periphery is at least as large as 
lumen 22 wall. 

[0067] For medical device applications, the distal pro- 
tection device 36 may have a working device 24 (as 
seen in FIG. 1) positioned over guidewire 16 that may 
be used for treating the stenosis 1 8. The working device 
24 treats the stenosis 1 8 causing particulate matter 28 
to become entrained in blood of blood vessel 22. At least 
a portion of particulate matter 28 is prevented from flow- 
ing distal to distal protection device 36, wherein, after 
treatment of stenosis 1 8, distal protection device 36 is 
returned to a collapsed configuration. Particulate matter 
28 that is captured by distal protection device 36 is then 



removed from blood vessel 22 by removal of distal pro- 
tection device 36. 

[0068] Working devices 24 such as an atherectomy 
or thrombectomy ablation device are commonly known 

5 to those skilled in the art. Such working devices 24 are 
able to receive a guidewire 16 into a central lumen of 
the working device 24 for positioning in a blood vessel 
22 and are used as a means for treatment of a stenosis 
1 8. Various technologies may be employed by a working 

10 device 24 as a means for treatment of a stenosis 1 8. For 
example, rotating cutting surfaces, use of a catheter, 
pressurized fluids, and various other means currently 
known in the art may be utilized. One such working de- 
vice 24 is described in Drasler, et al U.S. Pat. No. 

15 6,129,697 issued October 10, 2000, and assigned to 
Possis Medical, Inc., and is hereby incorporated by ref- 
erence. 

[0069] FIG. 7 illustrates an embodiment of filter 10 
having a non-woven wire frame 12 expanded by struts 

20 64. Wires 19 of the frame 12 extend outwardly with re- 
spect to the guidewire 16, forming filter 10 having an 
open end 60, The fiber matrix 1 4 is attached to the wire 
frame 1 2 to form a basket 62 with an open end 60. Struts 
64 extend from the open end 60 of the basket 62 towards 

25 a catheter 68. The catheter 68 can be advanced over 
the struts 64 so as to collapse the basket 62, or retracted 
to deploy the struts 64 so as to expand the basket 62. 
[0070] FIG. 8 illustrates yet another embodiment uti- 
lizing the present invention. FIG. 8 illustrates the fiber 

30 matrix 1 4 attached to the wire frame 1 2 so as to define 
perimeters about a plurality of openings 70. The open- 
ings 70 in FIG. 8 are positioned radially outwardly from 
the guidewire 16 such that the guidewire 16 does not 
extend through any of the openings 70. 

35 [0071] FIG. 9 illustrates yet another embodiment of 
the present invention. The fiber matrix 14 is attached to 
a wire frame 1 2 so as to define, along with a flexible loop 
72, a basket 62 having an open end 74. The basket 62 
Is positioned non-concentrically about the guidewire 16. 

^0 The basket 62 is able to receive particulate matter 28 
through the open end 74 of the basket 62 and concur- 
rently permit blood flow. 

[0072] It will be understood that this disclosure, in 
many respects, is only illustrative. Changes may be 
45 made in details, particularly in matters of shape, size, 
material, and arrangement of parts without exceeding 
the scope of the invention. Accordingly, the scope of the 
invention is as defined in the language of the appended 
claims. 

50 

Claims 

1 . A medical device for filtering a fluid in a lumen of a 
55 patient's body, comprising: 

a wire frame comprising a plurality of wires ori- 
ented to define a perimeter; and 
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a fiber matrix including a multiciplity of fibers ex- 
tending across an open space defined by the 
perimeter to define a multiciplity of pores. 

2. The device of claim 1 , wherein the fiber matrix and 5 
the wire frame together form boundaries defining a 
multiplicity of pores. 

3. The device of Claim 1 , wherein the filter is collaps- 
ible prior to deployment from a constraining wall. 10 

4. The device of claim 3, further comprising a retainer 
to hotd the wire frame in a collapsed configuration 
for insertion into the lumen to be deployed therein. 

15 

5. The device of claim 4, wherein the collapsible frame 
is carried by a guidewire, and wherein the retainer 
comprises a catheter having a lumen within which 
the flexible frame, in its collapsed configuration, is 
received prior to deployment. 20 

6. The device of any of the preceding claims, wherein 
the plurality of wires intersect to define perimeters 
of a multiplicity of open spaces, each open space 
having a matrix including a multiplicity of fibers ex- 25 
tending thereacross to define a multiplicity of pores. 

7. The device of any of the preceding claims, wherein 
the collapsible filter is a flexible filter. 

30 

8. The device of any of the preceding claims, wherein 
the fibers are formed by an electrospinning process. 

9. The device of claim 1 , wherein the fiber matrix is 
secured to the wire frame, the fiber matrix having 35 
fibers forming a boundary about each of a multiplic- 
ity of pores, the fiber matrix and the wire frame to- 
gether forming a fitter carried by a guidewire with 

the filter being collapsible prior to deployment, the 
filter being expandable to extend outward from the *o 
guidewire such that the filter engages a wall defin- 
ing the lumen, the wire frame and the fiber matrix 
being constructed and arranged to prevent passage 
of particulate matter while allowing passage of fluid 
through the pores. 45 

10. A medical device for use in a lumen of a human 
body for preventing passage of particulate matter 
and allowing passage of a fluid, such as blood, com- 
prising: so 

a guidewire having an expandable and collaps- 
ible filter attached at a distal end, wherein 
the filter has a collapsed configuration wherein 
the filter is able to be advanced within the lu- 55 
men; and an expanded configuration wherein 
the fitter is expanded outward from the 
guidewire to engage a wall of the lumen, 




795 A2 14 

the filter having fibers defining a plurality of 
pores, the pores allowing passage of blood and 
preventing passage of particulate matter there- 
through, the filter comprising a wire frame hav- 
ing a plurality of wires on which the fibers are 
spun to form a fiber matrix. 
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Fig.2a 
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Fig. 7c 
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